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ELECTROMAGNETIC LENS ARRAY ANTENNA DEVICE 

Field of the Invention 

The present invention relates to a radio wave lens 
antenna for wireless communications, which is constructed by 
combining a spherical or hemispherical Luneberg radio wave 
lens for focusing radio wave beam with compact primary feeds. 

Background of the Invention 

Fig. 1 schematically shows an antenna using a 
hemispherical Luneberg radio wave lens. In Fig. 1, 

reference numeral 1 denotes a hemispherical Luneberg radio 
wave lens (hereinafter, referred to as 'radio wave lens') 
for focusing radio wave beam. Reference numeral 2 indicates 
a reflective plate attached to the half-cut flat surface of 
the sphere of the radio wave lens 1 to reflect a radio wave 
incoming from the sky or radiated toward a target, while 
reference numerical 3 designates a primary feed for 
transmitting and receiving a radio wave. The primary feed 3 
is supported by an arch-type arm or the like (not shown) and 
is configured to be positioned at an arbitrary radio wave 
focus point of the radio wave lens 1. 

In case of receiving a radio wave in this radio wave 
lens antenna, for example, a radio wave A incoming from a 
certain direction reaches the reflective plate 2, after the 



propagation direction thereof is bent by the radio wave lens 
1, and then is reflected by the reflective plate 2 to be 
focused at an opposite side of the lens with respect to the 
center of the lens as shown in Fig. 1. Thus, the focused 
5 wave can be received by the primary feed 3. This means that 
radio waves from random directions above the reflective 
plate 2 can be received; in other words, an arbitrary point 
of the hemisphere of the radio wave lens 1 can be a focal 
point . 

10 On the other hand, in case of transmission, a 

reversibility of the process described above can be applied. 

Further, although the focal point is shown to be on 
the surface of the lens in Fig. 1, in reality, the focal 
point is normally formed a slightly outside the lens surface 

15 (generally varied in the range from 0 mm to 100 mm) . 

Considering the above characteristics, radio waves can 
be independently received or transmitted from or to a 
plurality of (N) geostationary satellites which reside in a 
plane including the equator, by preparing a plurality of (N) 

20 primary feeds 3 and installing some at focal points of the 
respective geostationary satellites. It is a great 

advantage of the present radio wave lens antenna that one 
radio wave lens can communicate with N satellites. 

However, in order to use the radio wave lens antenna 

25 as a practical multi-beam lens antenna, the problems 
described below should be solved. 
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Summary of the Invention 

[Problems to be solved by the Invention] 

5 

For example, in Japan, since communication satellites 
are located adjacent to each other at every 4 degrees 
interval (2 degrees in foreign countries) , the elongation 
between those communication satellites (abbreviated to ^CS' ) 

10 viewed from the surface of the earth is about 4.4 degrees 
(2.2 degrees in foreign countries). To take advantage of 
the radio wave lens antenna to independently communicate 
with the respective satellites separated by the interval of 
4.4 degrees, it is required to align primary feeds side by 

15 side at the respective focal points near the surface of the 
radio wave lens at the interval of 4.4 degrees. Further on 
this requirement, for example, if focal points of a lens 
antenna with a radius of 200 mm are at positions 50 mm away 
from the surface, the straight line distance between the 

20 adjacent primary feeds can be calculated as 
2x(200 + 50)x(sin(4.4/2) ) to be about 19.2 mm. To meet this 
requirement, small primary feeds are needed. 

Further, to use a radio wave of a same frequency, it 
is necessary for the adjacent satellites separated from each 

25 other at the interval of 4.4 degrees to communicate 
independently. To achieve this, it is required that 
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interference noises from other satellites be small. In 
other words, in the antenna pattern of the entire lens 
antenna by each primary feed, the level of a signal 
(sidelobe which becomes noise) from a direction deviated by 
5 4.4 degrees (4.4 degrees elongated direction) must be small 
enough compared to the level of the signal from the main 
direction (main lobe) . 

Fig. 14 represents an example of the antenna pattern 
of an antenna. M denotes a main lobe and signals S other 

10 than the main lobe are sidelobes. 

Since, near the communication satellites, there exist 
not only communication satellites which are 4.4 degrees away, 
but also many other satellites, ITU Recommendation (ITU-R 
B.O. 1213), for example, provides that it is desirable that 

15 the sidelobe levels should be lower than that given by an 
envelope represented by the following formula (depicted by a 
dotted line in Fig. 14) . 

29-251ogedBi (0: elongation [degree]) 

20 

Although various methods to lower the sidelobe levels 
of an antenna have been reported, it is generally known that 
it can be achieved by producing a tapered opening 
distribution (mainly, amplitude distribution) of the antenna. 
25 In order to realize this by using a lens antenna, the 

tapered power (amplitude) can be achieved at the radiation 
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opening surface of the lens antenna, by having the power 
supplied to the center portion of the lens high and by 
gradually reducing the power while approaching the surface 
of the lens to thereby make an antenna pattern of the single 
5 primary feed narrow. Hereinafter, narrowing the antenna 
pattern is defined by using 3dB power width (full width at 
half maximum) of the antenna pattern. In other words, 
making the antenna pattern narrow is rephrased as being of a 
narrow full width at half maximum or narrowing its full 

10 width at half maximum. 

Figs. 2(a), (b) show the comparative antenna patterns 
in cases of a uniform amplitude distribution and a tapered 
amplitude distribution. As shown Fig. 2(a), if the 
amplitude distribution is uniform, the levels of the 

15 sidelobes S compared to that of the main lobe M become 
relatively high, whereas the sidelobes S are decreased if 
the amplitude distribution is tapered as shown in Fig. 2(b). 

However, it is theoretically proved that, in general, 
the larger the opening of the antenna, the narrower the full 

20 width at half maximum, on the other hand, the smaller the 
opening of the antenna, the wider the full width at half 
maximum thereof. Fig. 14 represents the antenna pattern of 
a lens antenna in the case of receiving a radio wave by a 
primary feed having wide full width at half maximum, where 

25 sidelobes S exceed the desirable envelope. 

If the opening is made smaller to make the primary 
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feed smaller, the sidelobe levels of the lens antenna become 
higher- On the other hand, in order to make the full width 
at half maximum narrower to lower the sidelobes, the primary 
feed becomes larger. Therefore, making the primary feed 
5 compact and lowering the sidelobes of the lens antenna are 
not compatible with each other. 

Meanwhile, since a focal length of conventional 
parabolic antenna is greater than that of the lens antenna, 
the physical interval between primary feeds required to 

10 independently communicate with adjacent satellites can be- 
large. Therefore, the primary feed can be designed without 
restriction on that account and a circular horn antenna 
(conical horn antenna whose opening size is over 30 mm) is 
generally used. However, the parabolic antenna cannot 

15 communicate with a plurality of satellites. Further, there 
is a problem that the parabolic antenna is bulky, because 
parts such as a supporting arm or the like of the primary 
feed become bigger to accommodate the longer focal length. 

It is, therefore, an object of the present invention 

20 to provide an antenna using a Luneberg radio wave lens which 
can keep sidelobes under the desirable envelope level and at 
the same time make the size of primary feeds small enough to 
cope with satellites spaced at small elongations. If the 
object is achieved, a compact and high performance multi- 

25 beam antenna can be realized. 

Further, if compact primary feeds are arranged 
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adjacently to each other, the so-called mutual coupling 
phenomena occurs and the single characteristic (antenna 
pattern) of the neighboring primary feeds changes 
significantly, thereby resulting in deterioration of the 
5 performance of antennas. Therefore, it is important to 
reduce the effect of mutual coupling phenomena as much as 
possible and satisfying the requirement is also an object of 
the invention • 

10 [Means to achieve the objects] 

In order to achieve the above objects, the present 
invention provides a radio wave lens antenna which is 
constructed by combining a primary feed with a hemispherical 

15 or spherical Luneberg radio wave lens wherein a reflective 
plate is attached to the half-cut surface of the sphere, the 
primary feed being formed of a dielectric-loaded waveguide 
antenna (dielectric-loaded feed) in which a dielectric body 
is loaded at an end opening of a waveguide. Although the 

20 waveguide constituting in the primary feed can be tapered to 
have a slightly wider periphery in consideration of the 
insertion of dielectric body or die-cutting in production, 
it is basically a straight tube and differs in shape from 
the waveguide used for a horn antenna. 

25 The dielectric-loaded waveguide antenna employed in 

this radio wave lens antenna is preferably a rectangular 
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waveguide loaded with a dielectric body at an end opening 
(dielectric-loaded rectangular waveguide antenna) rather 
than a circular waveguide or a waveguide having an 
elliptical cross section. The term rectangular waveguide 
5 used herein basically indicates a tube with a square cross 
section. However, it can have a rectangular cross section 
to adjust the antenna patterns of an E-plane and an H-plane. 
It is also preferable that the dielectric-loaded waveguide 
antenna is a choke structure antenna with an annular groove 
10 around the front surface the waveguide. 

A dielectric body loaded at the end opening of the 
waveguide can be of a column shape. The desirable shapes of 
the dielectric body are as follows: 

- Having the dielectric body protruded from the end of 
15 a waveguide and make the protrusion be of a taper shape 

having a thinned end; 

- Making the end of the dielectric body be of a non- 
rotational symmetrical shape by placing the center of the 
end of the dielectric body to be at a position located off 

20 the extension of the waveguide's center axis; 

- Removing a part of the outer periphery of the 
protrusion of the dielectric body projected forward from the 
waveguide along the plane of a direction intersecting the 
cross section of the waveguide (cross section normal to the 

25 axis) ; 

- In the plane including the cross section of the 
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protrusion, making the dimension of the protrusion of the 
dielectric body projected forward from the waveguide smaller 
in the disposed direction of the primary feeds than in the 
direction normal to the disposed direction of the primary 
5 feeds; 

- Making flat or round the end of the dielectric body 
protruded from the waveguide by cutting out the end of the 
dielectric body. 

Further, the shape of the dielectric body need not be 
10 the same as that of the waveguide. Namely, a convex lens- 
shaped dielectric body can be loaded at the end opening of 
the waveguide. 

[Effects of the Invention] 

15 

In the primary feed (dielectric-loaded waveguide 
antenna) employed in the radio wave lens antenna in 
accordance with the present invention, the effect that the 
power supplied to the center portion of the lens is high and 

20 the power is gradually reduced while approaching the surface 
of the lens is enhanced by a function of the dielectric body 
loaded at the end opening of the waveguide. Therefore, the 
full width at half maximum can be made narrow without 
recourse to a large antenna opening. 

25 Furthermore, in a rectangular waveguide, the lowest 

frequency (cutoff frequency) of a radio wave that can 
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propagate through the waveguide is lower compared to that of 
a same size circular waveguide. Thus, the rectangular 
waveguide can ensure a desirable frequency band with a 
smaller tube than the circular waveguide. Therefore, the 
5 primary feed formed of a dielectric-loaded rectangular 
waveguide antenna can satisfy a higher degree of compactness 
required for a primary feed combined with the radio wave 
lens . 

As discussed above, since the radio wave lens antenna 
10 in accordance with the present invention is constructed by 
combining the primary feed including the dielectric-loaded 
waveguide antenna and the hemispherical Luneberg radio wave 
lens, compactness of the primary feed can be achieved while 
reducing sidelobes of the lens antenna. Thus, it is 
15 possible to realize an efficient multi-beam antenna which 
communicates with a plurality of satellites spaced at small 
elongations . 

Further, by having the dielectric body protruded from 
the waveguide to be of a taper shape with a thinned end, 

20 arranging the center of the end of the dielectric body at a 
symmetrical position of a non-rotational center, removing a 
part of the outer periphery of the protrusion of the 
dielectric body projected forward from the waveguide along 
the plane of the length direction of the waveguide and 

25 further making the dimension of the protrusion of the 
dielectric body smaller in the disposed direction of the 
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primary feeds than in the direction normal to that, the 
distance between the dielectric bodies of the adjacently 
disposed primary feeds becomes large, so that the effect of 
suppressing mutual coupling phenomena is enhanced. 
5 Furthermore, by cutting out the end of the dielectric 

body protruded from the waveguide, the length of the primary 
feed is shortened and, hence, the antenna can be further 
scaled down. Besides, excellent water repellence can be 
achieved by making the cut-out end of the dielectric body in 
10 a round shape. 

Detailed Description of the Preferred Embodiment 

Figs. 3 to 13 represent preferred embodiments of the 
15 present invention. The basic structure of a radio wave lens 
antenna in accordance with the present invention is 
identical to that shown in Fig. 1 (there can be the one that 
employs a spherical Luneberg radio wave lens without a 
reflective plate) except a primary feed. Thus, only the 
20 structures of the primary feeds are described in the 
embodiments . 

A primary feed 3 in Fig. 3 is constructed by loading a 
dielectric body 6 having a polygonal column shape at the end 
opening of a rectangular waveguide 4 . 
25 On the other hand, a primary feed 3 in Fig. 4 is 

constructed by loading a dielectric body 6 of a circular 
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column at the end opening of a circular waveguide 5 (it can 
be an elliptical waveguide) . 

A rectangular waveguide, in particular, a waveguide 
with a square cross section, offers better space efficiency 
5 and the best compactness of a primary feed. Nevertheless, 
depending on the performance of the loaded dielectric body, 
the primary feed 3 can be scaled down to a desired size by 
using a circular or an elliptical waveguide. 

The material of the waveguides 4 and 5 can be a metal 
10 such as brass or aluminum or a die-casting with a high 
production yield. For the size of the waveguides 4 and 5, 
each side can be not greater than 18 mm (both a and b in Fig. 
3(a) are not greater than 18 mm) in case of a rectangular 
waveguide for 12 GHz frequency band, for example. Therefore, 
15 even though the interval between primary feeds is 19.2 mm as 
described above, the • primary feeds can be arranged at 
desired positions without interfering each other. 

Further, the dielectric body 6 is preferably made of 
material of a relatively low dielectric constant and a small 
20 dielectric loss (tanS), such as polyethylene. 

The length of the dielectric body 6 (L in Fig. 5) is 
determined based on the full width at half maximum of the 
primary feed 3. 

Fig. 6 represents a primary feed 3 which has a choke 
25 structure by making an annular groove 7 around the front 
surface of a waveguide 4 . By using the choke structure as 
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well, sidelobes of an individual primary feed can be 
effectively reduced and, sidelobe levels are also lowered. 
This choke structure is also useful in a primary feed 
employing waveguides other than the rectangular waveguide. 
5 The shape of the dielectric body 6 loaded to the 

waveguide is not limited to the column shape. Fig. 7 
depicts a convex lens-shaped dielectric body 6 loaded at the 
end opening of a rectangular waveguide 4 (or a circular 
waveguide 5) . The dielectric body 6 of such shape can be 

10 also used. 

Figs. 8 to 13 provide useful primary feeds when 
intervals between elements are small and there is a 
potential coupling problem. 

In Figs. 8(a), (b) , there are respectively shown two 

15 primary feeds 3 using circular waveguides 5 and using 
rectangular waveguides 4 which are arranged at the interval 
of P corresponding to the distance between geostationary 
satellites. The rectangular waveguide is advantageous in 
that it has a smaller tube size than the circular waveguide 

20 when adapted to a radio wave of a same frequency. Therefore, 
in case two primary feeds 3 are arranged at the interval of 
P by using the rectangular waveguides 4, the interval Pi 
between dielectric bodies 6 of both primary feeds is larger 
than the case by using the circular waveguides 5 and, thus, 

25 the coupling becomes weaker. 

Each primary feed is arranged toward the center of the 
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radio wave lens and thus the interval between the adjacent 
primary feeds becomes narrower when approaching closer to 
the ends of the elements. Therefore, it is preferable that 
the dielectric body 6 protruded from the waveguide is of a 
5 taper shape having a thinned end. Fig. 9 illustrates 
exemplary cross sectional views of the protrusions. In all 
the exemplified protrusions, the width w (minor axis of an 
ellipse) is smaller than the dimension d in the direction 
normal to the width (major axis of an ellipse) . Thus, by 
10 setting the direction of the dielectric body 6 in such a 
manner that the width direction coincides with the arranged 
direction of the primary feeds, a distance between the 
dielectric bodies of the adjacent primary feeds can be made 
larger . 

15 Fig. 10 shows examples in which each of the 

protrusions of the. dielectric bodies 6 from the waveguides 
has a taper shape having a thinned end. In Fig. 10(a), the 
dielectric body 6 protruded from the waveguide is of an 
elliptical or polygonal cone shape while the apex of the 

20 cone is located at the center axis of the base of the cone. 
By cutting out the end of the protrusion as shown in Fig. 
10(b) or 10(c), the dimension of the primary feed along the 
axial direction is reduced. Thus, since the distance from 
the surface of the radio wave lens to the focal point 

25 becomes small, the size of the antenna can be further scaled 
down . 
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Further, considering water repellence in case of being 
wetted by rain, it is preferable that the cut-out end of the 
dielectric body 6 is of a round shape as shown in Fig. 10(c) 
rather than flat as shown in Fig. 10(b). 
5 When the protrusion of the dielectric body 6 is of a 

cone-shape, the vertex can be located off the center axis of 
the base of the cone as illustrated Fig. 10(d). The primary 
feed 3 having the dielectric body 6 whose protrusion is of a 
non-rotational symmetrical shape as described can be 

10 advantageously used in an antenna where two primary feeds 
are disposed closely. That is, if two primary feeds are 
disposed closely, mutual coupling phenomena occurs, 
resulting in the distortion of radio waves captured by the 
respective primary feeds. The distortion can be reduced by 

15 disposing the ends of the protrusions of the dielectric 
bodies 6 at off-centered positions in such manner that they 
are remotely spaced apart from each other as shown in Fig. 
11. 

As illustrated in Fig. 12, a part of the outer 
20 periphery of the protrusion of the dielectric body 6 is cut 
out along the plane of a direction intersecting the cross 
section normal to the axis of the waveguide and such 
dielectric bodies 6 are loaded to the waveguides of the 
adjacent primary feeds in such a manner that the cut out 
25 surfaces of the outer peripheries face each other. The 
coupling can be also reduced in such a structure. Although 
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the cut out surface of the outer periphery of the dielectric 
body 6 is shown to be perpendicular to the cross section 
normal to the axis^ it need not be. 

In Fig. 13, the solid line and the dashed dotted line 
5 show antenna patterns with weak coupling and strong coupling, 
respectively. If the coupling is limited by using a 
rectangular waveguide and by tailoring the shape of a 
dielectric body, the distortion of a radio wave can be 
reduced and, therefore, communication sensitivity for the 

10 geostationary satellites can be improved. 

Further, by combining the base portion of the 
waveguide where the dielectric body is loaded with a circuit 
board and mounting a low noise amplifier (LNA) , a frequency 
conversion unit (converter) and the like on the circuit 

15 board, the primary feed 3 can be advantageously constructed 
as a low noise block down (LNB) for a satellite broadcasting 
antenna . 

All of the above described primary feeds satisfy the 
following basic properties l)-4) which are required in the 

20 element for the radio wave lens antenna of Fig. 1. 

Consequently, the requirement of the low sidelobe can be 
satisfied, which makes independent communications with 
adjacent satellites possible and which is.- a collective 
characteristic with a Luneberg radio wave lens: 

25 1) The size is equal to or less than 0.8A (A: 

wavelength, for example, about 25 mm in case of 12.5 GHz 
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frequency) ; 

2) For example, the full width at half maximum of 
about 50 degrees can be realized; 

3) It is a linearly polarized wave antenna for common 
5 use for both vertical (V) and horizontal (H) linearly 

polarized waves (if this condition is satisfied, it can be 
applied to the circularly polarized wave antenna) ; and 

4) The antenna patterns of the E-plane and H-plane 
(see Fig. 3(b)) can be identical as much as possible. 

10 Fig. 15 illustrates the effect of lowering the 

sidelobes in the antenna pattern of the lens antenna when 
the aforementioned dielectric-loaded waveguide antenna 
(which uses a rectangular waveguide) is employed as a 
primary feed 3 of the radio wave lens antenna in Fig. 1. 

15 As shown, if a dielectric-loaded waveguide antenna 

featuring the present invention is used, the sidelobes S 
become smaller than the desired envelope (dotted line in the 
drawing) and, therefore, it is possible to independently 
communicate with the satellites spaced at small elongations 

20 (for example, an interval of 4.4 degrees). 

Simultaneously, scaling down of the primary feed is 
achieved and spatial installation restriction of the primary 
feed is relaxed; and, thus, it is possible to communicate 
with a plurality of satellites. 

25 
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Brief Description of the Drawings 

Fig. 1 offers a schematic diagram of an antenna using 
a hemispherical Luneberg radio wave lens. 
5 Fig. 2(a) shows an antenna pattern in case of a 

uniform amplitude distribution and Fig. 2(b) is an antenna 
pattern in case of a tapered amplitude distribution. 

Fig. 3(a) provides a perspective view for describing 
main parts of an exemplary primary feed of the present 
10 invention and Fig. 3(b) illustrates a cross section of a 
rectangular waveguide . 

Fig. 4 sets forth a perspective view for describing 
main parts of another exemplary primary feed of the present 
invention. 

15 Fig. 5 shows a side view for describing main parts of 

the basic configuration of the primary feed in accordance 

with the present invention. 

Fig. 6 provides a side view of the main parts of the 

primary feed further having a choke structure. 
20 Fig. 7 describes a cross sectional view of the main 

parts of the primary feed loaded with a convex lens-shaped 

dielectric body. 

Fig. 8(a) depicts the disposition of two primary feeds 

employing circular waveguides and Fig. 8(b) is the 
25 disposition of two primary feeds employing rectangular 

waveguides . 
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Figs. 9(a) to 9(f) describe specific examples for the 
cross sectional shape of the protrusion of the dielectric 
body. 

Figs. 10(a) to 10(d) provide specific examples for the 
5 side shape of the protrusion of the dielectric body. 

Fig. 11 shows an example of suppressing the coupling 
by using primary feeds loaded with dielectric bodies of a 
shape having a non-rotational symmetric end. 

Fig. 12 shows an example for suppressing the coupling 
10 by cutting out a part of the dielectric body protruded from 
the waveguide. 

Fig. 13 presents antenna patterns for comparing weak 
coupling with strong coupling . 

Fig. 14 shows an antenna pattern of an antenna with 
15 wide full width at half maximum. 

Fig. 15 describes an antenna pattern of an antenna in 
case of using a dielectric-loaded waveguide antenna as a 
primary feed. 

20 [Description of the Reference numeral] 

1 Luneberg radio wave lens 

2 Reflective plate 

3 Primary feed 

4 Rectangular waveguide 
25 5 Circular waveguide 

6 Dielectric body 
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7 Groove 

A radio wave 

M Main lobe 

S Sidelobe 
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